United states Patent [i9] [u] Patent Numben 4,751,689 

Kobayashi [45] Date of Patent: Jun. 14, 1988 



[54] METHOD OF MEASURING A DISTANCE 

[75] Inventor: Hiroshi Kobayashi, Tokyo, Japan 

[73] Assignee: Nflion Coating Co,, Ltd., Tokyo, 
Japan 

[21] AppLNo.: 853,884 

[22] Filed: Apr. 21, 1986 

[30] Foreign Application Priority Data 

Jul. 22» 1985 [JP] Japan 6&.16I488 

[51] Inta^ GDIS 3/80 

[52] U.S, a 367/127; 367/128; 

367/2 

[58] Field of Search .* 367/127, 128, 2 

[56] References ated 

U.S. PATENT DOCUMENTS 

3.949,605 4/1976 Stailworth ct al 367/128 

4,136,394 1/1979 Jones etal 367/128 

4,399,556 8/1983 Whidden ...r. 367/128 

FOREIGN PATENT DOCUMENTS 

53-2688 1/1978 Japan . 
58-27706 2/1983 Japan . 

58-92877 6/1983 Japan 367/128 



58-39306 8/1983 Japan . 

58- 139170 9/1983 Japan . 

59- 133271 9/1984 Japan . 

Primary Examiner— ThcodoTQ M. Blum 
Attorney, Agent, or Firm — Sandler & Greenblum 

[57] ABSTRACT 

Disclosed is a method for measuring a distance by using 
a radio-wave and an ultra-sonic wave. The method 
includes the steps of generating a certain start pulse in 
the form of a radio- wave between a measuring position 
and a position to be measured from the measuring posi- 
tion, receiving the radio-wave at the position to be 
measured while simultaneously generating an ultra- 
sonic wave from the same measuring position, deter- 
mining a time difference between the moment of gener- 
ating the start pulse and the moment of receiving the 
ultra-sonic wave, and multiplying the obtained differ- 
ence by the sonic velocity. 

The method of measuring distances by utilizing the 
radio-wave and the ultra-sonic waves is very accurate 
without false operation and is simple, brief and conve- 
nient to use. 

11 Qaims, 3 Drawing Sheets 
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receiving the radio-wave at the position to be mea- 

METHOD OF MEASURING A DISTANCE sured while simultaneously generating an ultra-sonic 

wave from the same measuring position, 

FIELD OF THE INVENTION determining a time difference between the moment of 

This invention relates to a convenient instantaneous ^ S^erating said start pulse and the moment of receiving 

method for measuring a distance, for example, in order "^"^ -^^ . u u - . 

to determine an accurate distance from any starting ™Mynig the obtamed different by the sonic veloc- 

point to a pin on the green in a golf course. r„ ■ *• *i. ■ j j 

^ In another aspect of the mvention. there IS provided a 

BACKGROUND OF THE INVENTION 10 method for measuring a distance, which comprises the 

Duringplayinggoldth^^ '""generating a single pulse for each predetermined 

a go f player wante to know a distance from a startmg ^^^^^ ^ form of a radio-wave between a measi^ 

pomt to a pm m the hole on a target green. ^ ^^^^^ ^ .^.^^ 

nf^'' w^'?^rT"'SK latter'position while simultaneously generating an ultra- 
of simple construction have hitherto been commeraally sonic wave as a pulse at an equal interval from the same 
available for measunng a d^t^ce (for example, Japa- position based on the single pulse, 
nese U.M. Pubhcation No. 2688/78, Japanese Opened determining a time difference in the single pulse be- 
U.M. Application Nos. 277(^/83, 139170/83, tween the radio-wave and the ultrH-sonic wave arrived 
133271/84, and Japanese Patent Publication No. 20 at the measuring position, and 
39306/83). multiplying the obtained difference by the sonic ve- 
in a conventional method for measuring a distance locity. 
with such known devices, points A and B for measuring 

an angle are established in such a way that they are ^^^^^ DESCRIPTION OF THE DRAWINGS ' 

spaced apart by a distance L from each other for locat- 23 The invention will now be illustrated for its embodi- 

ing a measuring point M therebetween, as shown in ments hereinbelow in more detail with reference to the 

FIG. 4, in order to actually measure the angle formed accompanying drawings, in which: 

between the lines A-M and A-P, wherein P represents a FIG. 1 is a schematic illustration of a first embodi- 

point to be measured, as well as an angle formed be- nient of the invention; 

tween the lines B-M and B-P, thereby to make an equal 30 FIG, 2 is a schematic illustration of a second embodi- 

angle 6, Thus, a distance X from the measuring pomt M °»ent of the invention; 

to the point P to be measured may be calculatd from the 3 is a schematic illustration of a device for mea- 

foUowing equation: suring a distance, which is incorporated into a pin on a 

green; and 

X= L tan 6 33 FIG. 4 is a schematic illustration of showing the con- 
ventional method of measuring the distance. 

Such procedure has also being utilized in a system for prfffrrph FMTmniA/rFMTc; np thp 

a camera view-finder to aUgn a vertically separated ™^ 

image to the center, thereby bringing focus into the ' UNvtiiNinJiN 

distance. 40 The method of measuring a distance according to the 

In such a case, however, a large proportion of the invention is not based upon the conventional principle 

distance 2L between the points A and B relative to the optically measuring an angle but rather on measuring 

distance X makes an angle $ of approximately 90 de- * difference between a radio-wave and a sonic- 

grees, so that the value of tan 9 approaches to infinity, ^^^^ ^ measuring point to a point to be measured 

thus, introducing a large error in the measured distance foUowed by multiplication of the time difference with 

X. the sonic velocity. 

For this reason, when measuring a distance even on a ^ embodiment, as Ulustrated in FIG. 1, the 

golf course of a usual distance shorter than 300 m, a comprises a distance-measuring device 1 carried 

distance 2L of 20 to 30 cm is required to bring the mea- a golf player standing on the measuring side, and 

sured error less than 1%. As a result, a 20-30 centime- ^ ^""^^^ distance-measurmg device 2 mcorporated in a 

ters long element for establishing the angle-measuring P'^^'' f measured, 

points A and B is required, wHch is infonvenienrS • '^f P^^^f "^T ^? Jf ^^s^^nce to the 

carrv diirina nlavin Anlf anH h^nf^ h^^V^uI^^^ ^ ^' * directed to the pin 3 and then, its 

JS^riSUdu^^^ „ stanswitch4isoperated.^^,anarrayofpulsesignals 

A,v*^rHi««iJo«^K;l!!*I^f ll • • * 1 u " as Startmg pulses is generated from a start pulse modula- 

.hn^^ZfZ: t^H H ^ '^''T''^^ 5 corresponding to a single or designated hole num- 

™t. dt^^^ '^^^/^^ '^"S ber. The sigmU arrTy is sentlhrough a^io-transmitter 

an accurate distance mstantaneously and convemenUy 5, from an antemia 8 as a pulse wave 7, in the form of a 

by means of a compact device uang a qmte different single or a plurality of waves 9 on a high frequency 

system from the conventtonal methods. ^ ca^er. " ^ e / 

SUMMARY OF THE INVENTION *® opposite side, the measuring device 2 mcorpo- 

_ , . . ^ ^ . rated in the pin 3, receives by an antenna 10 the pulse 

In order to achieve the above object, one aspect for wave 7 transmitted from the antenna 8. The received 

the invention provide a method of measuring a dis- pulse wave 7 is amplified by a radio-wave generator 11, 
tance, which comprises the steps of: 63 detected, extracted as a pulse signal in the form of a 

generating a certain start pulse in the form of a radio- wave 12 and sent to a decoder 13. The pulse signal sent 

wave between a measuring position and a position to be to the decoder 13 is decoded and is fed into an ultra- 

measured from the measuring position. sonic generator 15 as a pulse in the form of a wave 14 
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when the signal corresponds to the target hole number, sending the corresponding signal pulse array from the 

The ultra-sonic generator 15 generates an electric signal modulator 5 in order to avoid false operation, 

modulated by the input pulse, thereby to energizing an In accordance with the second embodiment, as 

ultra-sonic oscillator 16 for transmitting an ultra-sonic shown in FIG. 2, the distance-measuring device 2 is 

wave 18 in the from of a wave 16 form the pin 3. 5 provided with a pulse-generator 31 which generates a 

The ultra-sonic wave 18 is transmitted at the sonic single pulse for each predetermined time interval (for 

velocity and is received by an ultra-sonic detector 19 of example, one second), which pulse may be in the form 

a receiving sensor in the distance-measuring device 1 of a specified code-pulse, such as a wave-form 32, corre- 

carried by the player after the time which is calculated spending to a target hole. 

by dividing a distance from the pin 3 to the player by 10 In this case, the code-pulse may be used for modulat- 

the sonic velocity. The ultra-sonic wave 18 received in iing a high frequency carrier to the wave 32 by means of 

the detector 19 is then modulated in a high frequency to a pulse modulator 33 and sent to a radio-generator 35 

generate an electric pulse signal, whichis then amplified for transmitting a pulse-like modulated wave (such as a 

and detected by an uJtra-sonic receiver 20 to be fed into wave 37), into the surroundings as a radio-wave 38 from 

a time-counter 21, as described hereinafter. 15 a transmitting antenna 36. The pulse generator 31 may 

The time-counter 21 is contained in the distance- provide the code-pulse for an ultra-sonic generator 39 in 

measuring device 1 and is provided with a clock-pulse the same way as described above while the correspond- 

generator therein. As described above, the pulse array ing high frequency carrier is outputted in the form of a 

generated from the start-pulse modulator 5 by operating pulse and sent to an ultra-sonic oscillator 40, thereby 

the starting switch 4 is sent to the transmitter 6 and at 20 transmitting an ultra-sonic wave 42 (such as a wave 41) 

the same time is fed into the time-counter 21 through a into the surroundings. 

delay regulator 22. At this point in time, the clock-pulse On the other hand, the distance-measuring device 1 

generator starts measuring the time. On the other hand, may receive the radio-wave 38 from the measuring 

the input of the electric pulse signal(which has been device 2. The radio-wave 38 is then detected and ampli- 

amplified and detected by the ultra-sonic reciever 20) 23 fied by a radio-receiver 44 to form a voltage-pulse array 

mto the time-counter discontinues the time measure- which is decoded through a decoder 45 to be confirmed 

ment by the clock-pulse generator. as a signal from the specified pin 3 and to generate a 

In other words, the time-counter may measure a starting pulse. Thereafter, the starting pulse is inputted 

length of time from the point when the pulse array into a time-counter 46 for starting the measurement of 

generated by the distance-measuring device 1 is trans- 30 time in a clock-pulse generator, 

mitted in the form a pulse-like radio-wave 7 to the pomt The ultra-sonic wave 42 from the ultra-sonic oscilla- 

when the ultra-sonic wave 18 generated by the distance- tor 40 of the measuring device 2 is inputted into an 

measuring device 2 is received by the distance-measur- ultra-sonic detector 47 and then, modulated in the high 

ing device 1 and fed into the time-counter 21 as the frequency to generate an electric pulse signal which in 

electric pulse signal. This means that if a time delay 33 turn is amplified and detected by an ultra-sonic receiver 

from the point of generating the pulse array in the mea- 48 and inputted into the time-counter 46 thereby to 

suring device 1 to the point of generatmg the ultra-sonic discontinuing the measuring of time in the clock-pulse 

wave 18 in the measuring device 2 is adjusted by the generator. 

delay regulator 22 in order to delay the starting time of In order to add the pulse from the pulse-generator 31, 
the time-counter 21, the length of time measured by the 40 both to the pulse-modulator 33 and to the ultra-sonic 
latter represents a transmitting time of the ultra-sonic generator 39, the radio-wave 38 and the ultra-sonic 
wave 18 from the device 2 to the device 1. Thus, multi- wave 42 may be considered to be generated simulta- 
plication of the measured length of time by the sonic neously from the measuring device 2. Since the trans- 
velocity may readily provide a distance from the device mitting velocity of the radio-wave 38 is greater (by 
1 to the device 2, namely from the player to the pin 3. 43 approximately 10^ than that of the ultra-sonic wave 42, 
Such calculation may conveniently be conducted by a a large deviation of time might occur between the two 
simple calculation circuit, which may display the result waves required to reach from the device 2 to the device 
on a displaying device 23 to be observed conveniently 1. Thus, die radio-wave 38 and the ultra-sonic wave 42 
by the player. received by the device 1 are deviated in phase per pulse 

In this case, the time consumed for transmitting the 30 from each other. However, the distance between the 

pulse signal from the point of generating the pulse array devices 1 and 2 is at most 300 m, the time required for 

to the point of generating the ultra-sonic wave 18 is the radio-wave 38 to reach from the device 2 to device 

very short due to the velocity of electric current, so the 1 is approximates zero, thus so that the time of phase 

delay regulator 22 may be omitted for inputting the deviation may be considered equal to the time required 

pulse array directly into the time-counter 21 with only 35 for the ultra-sonic way 42 to reach from the device 2 to 

a negligible error. the device 1. For this reason, the distance between the 

Further, the ultra-sonic wave 18 is transmitted with a two measuring-devices 1 and 2 may be readily deter- 
sharp precision, so that detection of erroneous ultra- minedby multiplying the time of phase deviation by the 
sonic waves from other pins may be avoided. In addi- sonic velocity. Thus, the player can conveniently know 
tion, an arriving distance of the radio-wave is short so 60 the distance shown on the display 49. 
that the decoder 13 may sometimes be omitted which is In operation, the ultra-sonic detector 47 is, at first, 
designed for responding only to a radio-wave from a directed to the pin 3 on the target hole while the reset 
specified pin 3. In such a case, the pulse signal transmit- switch 50 is operated for clearing the time-counter 46 
ted as the radio- wave may be of a single pulse. When and the display 49. Then, the radio-wave 38 and the 
the specified pin 3 is located in the vicinity of other pins 63 ultra-sonic wave 42 are received from the distance- 
due to the arrangement in golf courses, however, the measuring device 2 for measuring the phase deviation 
number of a target pin should be preset prior to operat- by the time-counter 46, which is then multiplied by the 
ing of the starting switch 4 in the measuring device 1 for sonic velocity to give the distance on the display 49. 
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Thus, the distance between the player and the pin 3 may 
readily be known. 

As described hereinabove, the distance-measuring 
device 2 is incorporated into the pin 3, more particu* 
larly at its top end 61, as shown in FIG. 3. A tapered 5 
reflector 62 is affixed the area containing the device 2, 
while the ultra-sonic generator 16(40) is directed down- 
wardly in the device 2, and other elements 63, such as 
the power source, may be arranged above the ultra- 
sonic generator 16(40). Thus, the ultra-sonic wave gen- 10 
crated downwardly is reflected horizontally by the 
reflector 62 and transmitted to the surroundings. 

Each of the elements utilized in the distance-measur- 
ing devices 1 and 2 may be are commercially available 
in a very compact size due the rapid advances in the IS 
electronic technology, so that the device 2 may readily 
be incorporated into the top end 61 of the pin 3 while 
the device 1 may conveniently be placed in the palms of 
a player. 

Of course, the above described method of measuring 20 
a distance according to the invention may be applied 
not only to golf but to other occasions for measuring a 
distance, such as a distance between vehicles. 

In accordance with the invention, as described here- 
inabove, a distance may very briefly and simply be 25 
measured in a very short time only by generating a 
certain start pulse in the form of a radio wave between 
a measuring position and a position to be measured from 
the measuring position, receiving the radio wave at the 
position to be measured while simultaneously general- 30 
ing an ultra-sonic wave from the same measuring posi- 
tion, determining a time difference between the moment 
of generating the start pulse and the moment of receiv- 
ing the ultra-sonic wave, and multiplying the obtained 
difference by the sonic velocity. Further, the measure- 35 
ment calculated by utilizing the radio-wave and the 
ultra-sonic wave is very accurate without any likeli- 
hood of a false operation. Furthermore, the device may ' 
be constructed, as illustrated in the embodiments above, 
in a very compact form. The method according to the 40 
invention may be applied not only to a short distance 
but also to a rather long distance with small error. 

In the other embodiment of an invention, the method 
may comprise the steps of generating a single pulse for 
each predetermined interval in the form of a radio-wave 45 
between a measuring position and a position to be mea- 
sured from the latter position wldle simultaneously 
generating an ultra-sonic wave as a pulse at the equd 
interval from the same position based on the single 
pulse, measuring a time difference in the single pulse 50 
between the radio-wave and the ultra-sonic wave ar- 
rived at the measuring position, and multiplying the 
obtained difference by the sonic velocity. This embodi- 
ment has a further advantage in that only the reset 
switch 50 may be operated on the operator side but 55 
other procedures (such as generation of the radio-wave 
and the ultra-sonic wave) may occur spontaneously on 
the side to be measured, so that the operation is very 
simple, brief and convenient to use at any time and on 
any occasion. 

Although the invention has been described herein- 
above with its preferred embodiments, such as applica- 
tion to the golf course, it will be appreciated to those 
skilled in the art that many variations and modifications 
may be made while keeping several advantages as 65 
shown hereinabove and without departing from the 
scope and spirit of the invention. 

What is claimed is: 
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1. A method of measuring a distance, comprising the 
steps of: 

generating at least one starting pulse in the form of a 
radio-wave between a reference position and a 
position to be measured from said reference posi- 
tion; 

receiving said radio-wave at said position to be mea- 
sured while simultaneously generating an ultra- 
sonic wave from said position to be measured, 
wherein a generally vertically upstanding pin is 
located at said position to be measured, said pin 
having an elongated bodyportion and a top end, 
said top end comprising an ultrasonic generator 
adapted to generate ultra-sonic waves down- 
wardly, said pin further comprising a tapered re- 
flector located directly Wlow at least a portion of 
said ultra-sonic generator and comprising means 
for reflecting said ultra-sonic waves generated by 
said generator horizontally; 

determining a time difference between the moment of 
generating said starting pulse and another moment 
when said ultra-sonic wave is received; and 

multiplying said time difference by the velocity of 
sound in air. 

2. A method of measuring a distance with respect to 
a reference position comprising the steps of: 

simultaneously generating, from a position to be mea- 
sured, a single pulse for a predetermmed interval in 
the form of a radio-wave, said single pulse being 
generated towards a reference position, and an 
ultra-sonic wave in the form of a pulse at an inter- 
val equal to said predetermined mterval; 

determining the difference in time taken by the radio- 
wave and the ultra-sonic wave to reach said refer- 
ence position; and 

multiplying said time difference by the velocity of 
sound in air. 

3. The method of measuring a distance as claimed in 
claim 1, wherein one of said starting pulses comprises a 
single pulse. 

4. The method of measuring a distance as claimed in 
claim 1, wherein one of said starting pulses comprises a 
plurality of pulses. 

5. A method of measuring a distance, comprising the 
steps of: 

generating at least one starting pulse in the form of a 
radio-wave from a reference position so that each 
said starting pulse will travel between said refer- 
ence position and a position to be measured; 

inputting said starting pulse into a time-counter 
thereby starting measurement of a time period; 

receiving said radio-wave at said position to be mea- 
sured and simultaneously generating an ultra-sonic 
wave from said position to be measured, wherein a 
substantially vertical pm having a body portion and 
a top end is located at said position to be measured^ 
said top end comprising an ultra-sonic wave gener- 
ator for generating said ultra-sonic wave in a sub- 
stantially downwardly vertical direction, said pin 
further comprising at least one tapered reflector 
located directiy below at least a portion of said 
ultra-sonic generator, said tapered reflector com- 
prising means for reflecting said downwardly gen- 
erated ultra-sonic wave so that said wave will 
travel in a substantially horizontal path; 

receiving said ultra-sonic wave at said reference posi- 
tion and inputting said ultra-sonic wave into said 
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time-counter as an electric pulse signal thereby 
stopping measurement of said time period; 

determining the time delay between the moment at 
which said starting pulse is generated from said 
reference position and the moment that said ultra- 5 
sonic wave is generated from said pin and said 
position to be measured; 

determining the time difference between the moment 
of generating said starting pulse and the moment 
that said ultra-sonic wave is received; 10 

adjusting said time difference with said time delay; 
and 

multiplying said adjusted time difference by the ve- 
locity of sound in air. 

6. The method of measuring a distance as claimed in IS 
claim 5, wherein one of said starting pulses comprises a 
single pulse. 

7. The method of measuring a distance as claimed in 
claim 5, wherein one of said starting pulses comprises a 
pluraUty of pulses. 20 

8. An apparatus for measuring a distance comprising: 
a. first distance-measuring device to be carried by an 

operator and a second distance-measuring device 
positioned at a target location from which the dis- 
tance is being measured; 2S 

said first distance-measuring device comprising a 
start pulse modulator, a radio transmitter for send- 
ing pulse-signals corresponding to a predetermined - 
location number, and an antenna; 

said second distance-measuring device comprising a 30 
receiving antenna, a radio-wave generator com- 
prising means for amplifying each of said pulse-sig- 
nals, and a decoder, said decoder comprising means 
for decoding each of said pulse-signals and for 
feeding said decoded pulse-signals into an ultra- 35 
sonic generator device as pulses m the form of a 
wave, wherein each of said pulse-signals corre- 
sponds to said predetermined location number; and 

said ultra-sonic generator is located in a substantially 
vertical pin having a body portion and a top end, 40 
said ultra-sonic generator being positioned in the 



top end of said pin» said body portion of said pin 
further comprising a tapered reflector positioned 
directly below at least a portion of said ultra-sonic 
generator, said ultra-sonic generator comprising 
means for emitting ultra-sonic waves in a substan- 
tially downwardly vertical revertical direction, 
said tapered reflector comprising means for reflect- 
ing said ultra-sonic waves away from second dis^ 
tance-measuring device in a substantially horizon- 
tal fashion towards said first distance-measuring 
device, said ultra-sonic generator further comprises 
means for generating an electric signal modulated 
by said decoded pulse signals and for energizing an 
ultra-sonic oscillator located in said second dis- 
tance-measuring device, said ultra-sonic oscillator 
further comprising means for generating said ultra- 
sonic waves, said first distance-measuring device 
further comprismg means for receiving said ultra- 
sonic waves and means for determining the time 
elapsed between a time when one of sai dpuise-sig- 
nals is sent by said first distance-measuring device 
and a time when a correspondmg ultra-sonic wave 
is received by said first distance-measuring device. 

9. The apparatus for measuring a distance as claimed 
in claim 8, further comprising an ultra-sonic detector, 
said ultrasonic detector comprising means for receiving, 
modulating and generating an electric pulse signal, an 
ultra-sonic receiver for amplifying, detecting, and feed- 
ing said electric pulse signal into a time-counter; 

said ultra-sonic detector, said ultra-sonic receiver, 
and said time-counter being located in said first 
distance-measuring device. 

10. The apparatus for measuring a distance as claimed 
in claim 9, further comprising a delay regulator for 
adjusting a time delay in starting said time-coimter, and 
a display device for displaying the calculated distance, 
said delay regulator and said display device being lo- 
cated in said first distance-measuring device, 

11. The apparatus of claim 8, wherein said tapered 
reflector is arcuate. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 4,751,689 Page 1 of 4 

DATED : June 14, 1988 

INVENTOfl(S) : Hlroshi KOBAYASHI 

It » certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: 

At column 1, line 12, change "gold" to qoit • 

At colurar^ 1, line 25i change "L" to 2L . 

At column 1, line 37, change "being" to been . 

At column 1, line 44, delete "to" oefore 
" infinity" • 

At column 1, line 51, insert to after 

"error" . 

At column 1, line 56, change "an" to the • 

At column 1, line 63, change "for" to of . 

At column 1, line 63, change "object" to 

objective-: — • 

At column 2, line 45, change "with" to by , 

At column 2, line 53, change "and then," to , 

and then — 

At column 2, line 54, insert , after 

"signals". 

At column 2, line 55, insert , after 

"pulses". 

At column 2, line 61/ insert , after "2". 

At column 3, line 5, change "from" to form . 

At column 3, line 5, change "form" to froin . 

At column 3, line 5, change "16" to 17 • 

At column 3, line 13, change "whichis" to 

which is . 

At coiuuin 3, line 47, delete after 
"circuit" . 

At column 3, line 63, delete "of" before "the". 
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PATENT NO. : 4,751,689 P^g^ ^ ^ 

DATED : Juae 14, 1988 

INVENTORIS) : Htroshi KOBAYASHI 

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: 

At column 4, line 1$ change "/which" to ; 

each — 

At column 4/ line 14, delete oefore "into". 

At column 4, line 36, delete "to" after 
"thereby" . 

At column 4, line 39, delete after "31". 

At column 4/ line 40, change "ooth to" to co 

both . 

At column 4/ line 40, delete "to" after "and". 
At column 4, line 51, insert and uefore 

"the". 

At column 4, line 53, chancre "approximacea" to 
-—approximately—. 

At column 4, line 53, change ",thus so that" to 
; therefore, — 



At 


column 4 


, line 55, change "way" to - 


— wave— - 


At 


column 


4, line 58, change "minedby" 


to 


rained by—-. 






At 


column 5 


, line 14, delete "may be". 




At 


column 


5, line 15, insert to- 


— a f te r 


"due". 








At 


column 


5, line 40, insect 


— after 


"method" . 








At 


column 


5, line 41, insert 


— a f te r 


" invention" • 






At 


column 


5, line 53, change "to" to 


by 



before "those". 
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corrected as shown below: 



At column 6/ 


line 12 (in claim 


1 / 
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12) , 


change "body portion" 


to -Dody portion- 




1 ine 


o ) t 


At column 6, 


line 31 (in claim 


2 1 


delete after "po 


sition" . 








At colutTin 6/ 


line 39 (in claim 


3, 


line 


1) , 


insert , after 


"distance" . 








At coluran 6/ 


line 42 (in claim 


4, 


line 


\), 


insert / after 


"distance" . 








At column 7, 


line 15 (in claim 


6, 


line 
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"distance". 








At column 7, 


line 18 (in claim 
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1 ine 


1) r 


insert — after 


"distance". 








At column 7# 


line 22 (in claim 


a, 


line 


2), 


change "a. first" to 


a firsts — • 






27) , 


At column 3/ 


line 6 ( in claim 


a, 


line 


delete "revertical" , 










At column 8, 


line 20 (in claim 


8, 


line 


4), 


change "sai dpulae" 


to said puic?- — . 






1) , 


At column 3# 


line 24 (in claim 




line 


insert , after 


"distance" • 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENTNO. : 4,751,689 Page 4 of 4 

DATED ; June 14, 1988 

INVENTOR(S) : Hiroshi KOBAYASHI 

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: 

At column 8, line 33 (in claim 10, line 1), insert , after 

"distance". 



Signed and Sealed this 
Twenty.flrst Day of August, 1990 



Anest: 

HARRY F. MANBECK, JR. 
Attesting Officer Commissioner of nuents and Thademarks 
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